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@ Themnoexpandable microcapsules, process for production thereof, and microballoons made 
therefrom. 

(57) A thermoplastic microcapsule which is softened by heat, has a good thermoexpandability, and can 
provide a microballoon which shows a high heat resistance after thermoexpanded comprises a shell 
and an expanding agent therein, sard shell being made from a copolymer essentially consisting of a 
polymerizable monomer having two or more polymerizable double bonds and a monomer which can 
produce a homopolymer having a high glass transition temperature, and said expanding agent being 
vaporizable at a temperature lower than the softening temperature of the copolymer. 



CM 
< 

CD 
CO 

CD 
CD 

in 



Q. 
LU 



Jouve, 18, rue Saint-Denis. 75001 PARIS 



Page: 1 



EP 0 566 367 A2 



The present invention relates to thermoexpandable microcapsules excellent in heat resistance, and to a 
process for production thereof. 

A method of production of thermoexpandable microcapsules has been described in, for instance, Japa- 
nese Patent Publication No. 42-286534, in which an expanding agent which is vaporizable at a temperature 
5 lower than the softening temperature of a thermoplastic polymer is microencapsulated with the thermoplastic 
polymer. 

A thermoexpandable microcapsule has been proposed which is excellent in heat resistance and solvent 
resistance, in which nitrile monomers are used in an amount of 80% by weight or more as a monomer having 
a polymerizable double bond for the shell of the microcapsule. 
• w The present invention provides a microcapsule which is easily thermoexpanded, but the thermoexpanded 

microcapsule obtained, that is, a microballoon, has a high heat resistance. Such a thermoexpandable micro- 
capsule comprises a shell and an expanding agent therein, in which said shell is made from a copolymer con- 
sisting essentially of a polymerizable monomer having two or more polymerizable double bonds and a monomer 
which can produce a homopolymer having a high glass transition temperature, and said expanding agent is 
15 vaporizable at a temperature lower than the softening temperature of the copolymer. 

The present invention relates to a thermoexpandable microcapsule, the production thereof, and a micro- 
balloon obtained from the microcapsule. 

The shell of a thermoexpandable microcapsule must be softened by heat at expansion. This means that 
the expanded microcapsule obtained (the expanded microcapsule is referred to as "microballoon" hereinafter) 
20 is also softened by heat, that is, the microballoon obtained is liable lo shrink or deform by heat. 

An object of the present invention is to provide a thermoplastic microcapsule which is softened by heat, 
and not only has high expandability but also gives a microballoon having a high heat resistance after expansion, 
and the production of the microcapsule. 

The present invention provides a t hermoexpandable microcapsule which comprises a shell and an expand- 
25 ing agent therein, in which said shell is made from a copolymer consisting essentially of a polymerizable mono- 
mer (A) having two or more polymerizable double bonds and a monomer (B) which can produce a homopolymer 
having a high glass transition temperature, and said expaning agent is vaporizable at a temperature lower than 
the softening temperature of the copolymer, and to the production thereof. 

As the polymerizable monomer (A) having two or more polymerizable double bonds can be used a poly- 
30 functional vinyl monomer and/or an inner olefin-containing monomer. Examples of the polyfunctional vinyl 
monomer are divinylbenzene, ethylene glycol di(meth)acrylate (the term "(meth)acryP means both of "metha- 
cryt" and "acryl" in the present specification), trimethylol pro pane tri(meth)acrylate, glycerol di(meth)acrylate, 
pentaerythritol tri(meth)acrylate and tri(meth)acrylformal. The most preferred polyfunctional vinyl monomers 
are ethylene glycol di(meth)acrylate, trimethylol propane tri(meth)acrylate and triacrylformal. 
35 As the inner olefin-containing monomer vinyl cinnamate, vinyl crotonate, vinyl maleate, vinyl fumarate, and 

dicyclopentenyl acrylate are examples. The most preferred monomers are vinyl crotonate, vinyl maleate and 
dicyclopentenyl acrylate. 

The polymerizable monomer (A) having two or more polymerizable double bonds according to the present 
invention may be used, preferably, in the amount of 0.01 - 3% by weight, more preferably 0.05 - 2% by weight. 

40 If the amount of the polymerizable monomer (A) is less than 0.01% by weight, a copolymer with less cross- 
linking is obtained, which has reduced heat resistance. However, when the amount of monomer (A) is more 
than 3% by weight, a polymer having such a high degree of crossl inking is obtained that the expandability de- 
creases. Both are not preferable. 

A preferred monomer (B) which can produce a homopolymer having a high glass transition temperature 

45 is one giving a homopolymer having a glass transition temperature of 80°C or higher, and more preferably 100°C 
to 200°C. Preferred examples of such a monomer (B) include methacrylonitrile, acrylamide, methacrylic acid 
or salts thereof, isobornyl methacrylate and dicyclopentenyl acrylate. Especially preferred monomers (B) are 
methacrylonitrile, acrylamide, methacrylic acid or salts thereof, isobornyl methacrylate and dicyclopentenyl 
acrylate. 

so The monomer (B) which can produce a homopolymer having a high glass transition temperature may be 

used in an amount of 10 to 80% by weight, more preferably 20 to 50% by weight to prepare the microcapsule. 
If the monomer (B) exceeds 80% by weight, shell formation, especially evenness of the shell, deteriorates with 
less expandability. If the amount is less than 10% by weight heat resistance of the balloon obtained cannot 
be improved. 

55 According to the present invention other monomers such as vinyl chloride, vinylidene chloride, acrylonitrile, 

vinyl acetate, styrene and methylacrylate may be used in amounts of 90% by weight or less, preferably 50% 
by weight or less. 

The expanding agent vaporizable at a temperature lower than the softening temperature of the copolymer 
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of the shell is an expanding agent encapsulated into the microcapsule of the present invention. As the softening 
temperature of the copolymer is usually about 100 to 150°C, the expanding agent of the present invention is 
one vaporizable at a lower temperature than the above. Examples of the expanding agent include propane, 
5 propylene, butene, n-butane, isobutane, isopentane, neopentane, n-pentane, hexane, heptane, petroleum 
ether, halogenized methanes (e.g. methyl chloride, methylene chloride, CCI 3 F and CCl 2 F 2 ), and tetraalkylsi- 
lanes (e.g. tetramethylsilane and trimethylsflane). 

A copolymer forming the shell of the present invention may be prepared preferably using a radical initiator 
having a long half-life. As the radical initiator having a long half-life is preferred one having a half-life of about 
10 10 hours or longer (at 50°C), for example, azobisisobutyronitrile, dicumyl peroxide, lauroyl peroxide, benzoyl 
peroxide, methyl ethyl ketone peroxide, azobis-2-methylbutyronitrile and dimethyl azobisisobutylate. 

The crosslinking reaction is progressed by a radical initiator having a long half-life when the microcapsule 
is heated to expand it, and the heat resistance of the microballoon is much improved. The amount of the initiator 
to be used is preferably about 0.1 to 5% by weight, more preferably about 0.2 to 3% by weight. When the amount 
15 of the initiator exceeds 5% by weight, extreme polymerization will occur, which is very dangerous. When the 
amount of the initiator is less than 0.1% by weight, only a low rate of polymerization is achieved, so that suf- 
ficient expandability and heat resistance cannot be obtained. 

The method of production of a microcapsule using the above ingredients is not limited, and may be per- 
formed in a conventional manner, a preferred example being as described in Japanese Patent Publication No. 
20 42-26524 wherein a polymerizable monomer is mixed with a vaporizable expanding agent and an initiator, and 
the mixture obtained is suspension-polymerized in an aqueous medium which may contain for example an 
emulsif ier and a dispersing agent if desired. 

The formulation of the aqueous medium for the suspension polymerization is not limited, but in general it 
may contain inorganic additives such as silica, calcium phosphate, calcium carbonate, sodium chloride and 
25 sodium sulfate; organic additives such as diethanolamine-adipic acid condensation products, gelatin, methyl 
cellulose, polyvinyl alcohol, polyethylene oxide, dioctyl sulfosuccinate and sorbitan esters. These additives 
may be dissolved in deionized water and the pH value may be preferably adjusted to about 3-4 using an acid. 

The particle size of the thermoexpandable microcapsule is preferably 10 to 30 urn, more preferably about 
15 to 25 urn, which can produce microballoons having a particle size of about 50 to 150 urn when expanded 
30 at about 130 to 200°C. The microballoons obtained are resistant to a temperature of 150 to 200°C. 

The present invention is explained by the following examples. 

COMPARATIVE EXAMPLE 1 



35 An oily mixture and an aqueous medium are prepared according to the following formulations: 





Oily Mixture 






Ingredients: 


parts by weight: 


40 


vinylidene chloride 


200 




acrylonitrile 


110 




methyl methacrylate 


10 


45 


n-pentane 


60 




diisopropyl peroxy dicarbonate 


1.5 




Aqueous Medium 




50 


Ingredients: 


parts by weight: 




deionized water 


600 




dispersion of colloidal silica (solids 20%) 


90 


55 


diethanolamine-adipic acid condensation product (50% aqueous solution) 


3.5 



The above oily mixture and aqueous medium were charged into a 1.5 liter autoclave, dispersed by means 
of a homomixer (M-Type available from Tokushu Kakoki K.K.) at 6000 rpm for 120 seconds, and polymerized 
under a nitrogen atmosphere, at 3 - 4 kg/cm 2 , and 60°C for 20 hours to give microcapsules of an 

3 
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average diameter of 17.8 pm. The microcapsules obtained were heated at 140°C for 2 minutes under heat- 
ed air to give microballoons having a true specific gravity of 0.03 and an average diameter of 70-80 u.m. The 
microballoons obtained were heated at 150°C for 20 minutes under atmospheric pressure to determine the 
change in the true gravity, by which the heat resistance was evaluated. The results are shown in Table 1. 

EXAMPLE 1 

According to following formulation an oily mixture was prepared. 



Formulation 




Ingredients: 


parts by weight: 


acrylonitrile 


180 


methacrylonitrile 


90 


methyl methacrylate 


15 


trimethylol propane trimethacrylate 


1.5 


n-pentane 


60 


azobisisobutyronitrile 


1.5 



The above oily mixture and the aqueous medium used in the Comparative Example 1 were mixed and mi- 
croencapsulated according to the procedure of Comparative Example 1 to give microcapsules of average di- 
ameter 16.9 u,m. The microcapsules obtained were heated in heated air of 160°C for 2 minutes to give micro- 
balloons having a true gravity of 0.026 and an average diameter of 80 to 90 urn. The change of the true gravity 
of these microballoons observed by heating under atmospheric pressure, at 150°C and at 180°C for 20 minutes 
to learn the heat resistance of the microballoons. The results are shown in Table 2. 

EXAMPLE 2 

An oily mixture was prepared according to the following formulation: 



Formulation: 




Ingredients: 


parts by weight: 


acrylonitrile 


200 


methacrylonitrile 


80 


isobornyl methacrylate 


15 


trimethylol propane trimethacrylate 


1.5 


n-pentane 


60 


azobisisobutyronitrile 


1.5 



The above oily mixture and aqueous medium of the Comparative Example 1 were mixed, and microen- 
capsulated according to the procedure of Comparative Example 1 to give microcapsules of average diameter 
18.5 urn. These microcapsules were heated in heated air of 160°C for 2 minutes to give microballoons having 
a true gravity 0.035 and an average diameter of 90 to 100 u.m. In order to learn the heat resistance of the mi- 
croballoons obtained the change of true gravity was observed by heating under atmospheric pressure at 1 60°C 
and 180°C for 20 minutes, and the results are shown in Table 1. 

EXAMPLE 3 

An oily mixture was prepared according to the following formulation. 



4 
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Formulation: 




Ingredients: 


parts by weight: 


acrylonitrile 


200 


methacrylonitrile 


80 


isobornyi methacryiate 


15 


trimethylol propane trimethacrylate 


1.5 


dicyclopentenyl acrylate 


0.7 


n-pentane 


60 


azobisisobutyronitrile 


1.5 



The above oily mixture and the aqueous medium of Comparative Example 1 were mixed, and microen- 
capsulated according to the procedure of Comparative Example 1 to give microcapsules of average diameter 
20 17.2 urn. These microcapsules were heated in heated air of 160°C for 2 minutes to give microballoons having 
a true gravity of 0.022 and an average diameter of 90 to 100 urn. In order to determine the heat resistance of 
the microballoons obtained the change of true gravity was determined by heating under atmospheric pressure 
at 160°C and 180°C for 20 minutes, and the results are shown in Table 1. 

25 EXAMPLE 4 

An oily mixture was prepared according to the following formulation: 



Formulation: 




Ingredients: 


parts by weight 


acrylonitrile 


200 


methacrylonitrile 


80 


isobornyi methacryiate 


15 


trimethylol propane trimethacrylate 


1.5 


dicyclopentenyl acrylate 


0.7 


n-pentane 


60 


azobisisobutyronitrile 


1.0 


lauroyl peroxide 


1.0 



The above oily mixture and the aqueous medium of Comparative Example 1 were mixed, and microen- 
capsulated according to the procedure of Comparative Example 1 to give microcapsules of average diameter 
17.8 urn. These microcapsules were heated in heated air at 160°C for 2 minutes to give microballoons having 
a true gravity of 0.026 and an average diameter of 80 to 90 urn. In order to determine the heat resistance of 
the microballoons obtained the change of true gravity was determined by heating under atmospheric pressure 
at 160°C and 180°C for 20 minutes, and the results are shown in Table 1. 
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Table 1 
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